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Description 

[0001] The invention is directed to a process to prepare a spindle oil, light machine oil and a medium machine oil 
base oil grade from the bottoms fraction of a fuels hydrocracking process. 

[0002] Such a process is known from EP-A-699225. This publication discloses a process to prepare two base oil 
grades, a so-called 100N and 150N grade. The heavier 150N grade typically has a viscosity at 100 °C of between 5.5 
cSt and 6 cSt according to this publication. In this process the fuels hydrocracker bottom fraction, further also referred 
to as hydrowax, is fractionated in a vacuum distillation into various fractions comprising the two desired base oil frac- 
tions. The base oil fractions are subsequently further processed, by dewaxing and stabilisation, to the desired base 
oil grade and the remaining fractions are recycled to the fuels hydrocracker. The one through conversion of the fuels 
hydrocracker is described to be about 60% which results in a low fuel yield in the fuels hydrocracker. 
[0003] WO-A-971 8278 discloses a process, comparable to the process of above cited EP-A-699225, wherein up to 
4 base oil grades, e.g. a 60N, 100N and 150N, are prepared starting from hydrowax. In this process hydrowax is 
fractionated in a vacuum distillation into 5 fractions of which the heavier 4 fractions are further processed to different 
base oil grades by first performing a catalytic dewaxing followed by a hydrofinishing step. 

[0004] In an article of Hennico, A., Billon, A, Bigeard, P.H., Peries, J.P., "IFP's New Flexible Hydrocracking Proc- 
ess...", Revue de I'institut Francais du P6trole, Vol. 48, No. 2, Mars-Avril, a fuels hydrocracking process is described 
wherein several products are obtained ranging from fuels to three base oils qualities, namely of the 1 00N-, 200N- and 
350N-type. 

[0005] In view of the above processes there is room for improving the overall yield of base oil products as calculated 
on the hydrocracker bottoms. 

[0006] The following process aims at improving this yield of base oil grades as calculated on the hydrocracker bot- 
toms. Process to prepare a spindle oil, light machine oil and a medium machine oil base oil grade by 

(a) performing a separate catalytic dewaxing on a spindle oil fraction, a light machine oil fraction and a medium 
machine oil fraction as obtained in a vacuum distillation of a bottoms fraction of a fuels hydrocracking process; 

(b) performing a separate hydrofinishing of the light and medium machine oil fractions obtained in step (a); 

(c) separating the low boiling compounds from the spindle oil, light machine oil and medium machine oil fractions 
as obtained in step (a) and (b) and obtaining the spindle oil, light machine oil and medium machine oil base oil grade; 

(d) wherein the vacuum distillation is performed by alternating^ performing the distillation in two modes wherein 
the first mode (d1) the bottoms fraction is separated into one or more gas oil fractions, a spindle oil fraction, a 
medium machine oil fraction and a first rest fraction boiling between said spindle oil and medium machine oil 
fraction and in the second mode (d2) the bottoms fraction is separated into one or more gas oil fractions, a spindle 
oil fraction, a light machine oil fraction and a second rest fraction boiling above the light machine oil fraction. 

[0007] !t has been found that by the above process more than two grades of high quality base oils can be prepared 
in a high yield on hydrowax. The required base oil properties for the different grades such as viscosity, flash point and/ 
or Noack volatility are easily met by performing the distillation in the two dedicated modes according to the process of 
the present invention. 

[0008] In the context of the present invention terms as spindle oil, light machine oil and medium machine oil will refer 
to base oil grades having an increasing kinematic viscosity at 100 °C and wherein the spindle oil additionally has a 
maximum volatility specification. The advantages of the present process are achieved for any group of base oils having 
such different viscosity requirement and volatility specification. Preferably a spindle oil is a light base oil product having 
a kinematic viscosity at 100 °C of below 5.5 cSt and preferably above 3.5. The spindle oil can have either a Noack 
volatility, as determined by the CEC L-40-T87 method, of preferably below 20% and more preferably below 1 8% or a 
flash point, as measured according to ASTM D93, of above 180 °C. Preferably the light machine oil has a kinematic 
viscosity at 100 °C of below 9 cSt and preferably above 6.5 cSt and more preferably between 8 and 9 cSt. Preferably 
the medium machine oil has a kinematic viscosity at 100 °C of below 13 cSt and preferably above 10 cSt and more 
preferably between 11 and 12.5 cSt. The corresponding base oil grade can have a viscosity index of between 95 and 
120. 

[0009] Terms as spindle oil fraction, light machine oil fraction and medium machine oil fraction refer to the distillate 
fraction as obtained in the vacuum distillation and from which the corresponding base oil grades are prepared. 
[0010] With a fuels hydrocracker in the context of the present invention is meant a hydrocracker process which main 
products are naphtha, kerosene and gas oil. The conversion, expressed in the weight percentage of the fraction in the 
feed which boils above 370 °C which are converted to products boiling below 370 °C, in the hydrocracker process is 
typically above 50 wt%. This in contrast to a dedicated base oil hydrocracker which main products are base oil fractions 
and which process operates at a feed conversion of below 50 wt% and more typically between 20 and 40 wt%. Examples 
of possible fuels hydrocracker processes, which may yield a bottoms fraction which can be used in the present process, 
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are described in the above referred to EP^-699225, EP-A-649896, WO-A-971 8278, EP-A-705321 , EP-A-994173 and 
US-A-4851109. 

[0011] Preferably the fuels hydrocracker is operated in two steps, consisting of a preliminary hydrotreating step 
followed by a hydrocracking step. In the hydrotreating step nitrogen and sulphur are removed and aromatics are sat- 
urated to naphthenes. The hydrowax and the resulting base oil grades will thus as a consequence have a very low 
content of sulphur, typically below 100 ppmw, and a very low content of nitrogen, typically below 10 ppmw. 
[0012] In order to improve the yield of medium machine oil grade on hydrowax the fuels hydrocracker is more pref- 
erably operated by first (i) hydrotreating a hydrocarbon feed at a feed conversion, wherein the conversion, as defined 
above, of less than 30 wt% and preferably between 1 5 and 25 wt%, and (ii) hydrocracking the product of step (i) in the 
presence of a hydrocracking catalyst at such a conversion level that the overall conversion of step (i) and (ii) is between 
55 and 80 wt% and preferably between 60 and 75 wt%. 

[001 3] It has been found that by performing the combined hydrotreating and hydrocracking step as described above 
a hydrowax is obtained which yields a high quantity of medium machine oil grade and of acceptable quality with respect 
to viscosity index. In addition a sufficient quantity of naphtha, kerosine and gas oils are obtained by this process. Thus 
a fuels hydrocracker process is obtained wherein simultaneously products ranging from naphtha to gas oil and a hy- 
drowax is obtained, which hydrowax has the potential to yield a medium machine oil base oil grade. The viscosity index 
of the resulting base oil grades is suitably between 95 and 1 20, which is acceptable to yield base oils having a viscosity 
index according to the API Group II specifications. It has been found that the wt% of medium machine oil fraction, 
which fraction has a kinematic viscosity at 1 00 °C of above 9, in the 370 °C plus fraction of the hydrowax can be more 
than 15 wt% and more especially more than 25 wt% if the hydrocracker is operated as described above. 
[0014] It has been found that in the hydrotreating step (i) the viscosity index of the hydrowax and the resulting base 
oil grades increases with the conversion in said hydrotreating step. By operating the hydrotreating step at high con- 
version levels of more than 30 wt% viscosity index values for the resulting base oils of well above 120 can be achieved. 
A disadvantage of such a high conversion in step (i) is however that the yield of medium machine oil fraction will be 
undesirably low. By performing step (i) at the above described conversion levels an API Group II medium machine oil 
grade base oil can be obtained in a desired quantity. The minimum conversion in step (i) will be determined by the 
desired viscosity index, of between 95 and 120, of the resulting base oil grades and the maximum conversion in step 
(i) is determined by the minimum acceptable yield of medium machine oil grade. 

[0015] The preliminary hydrotreating step is typically performed using catalyst and conditions as for example de- 
scribed in the above-mentioned publications related to hydrocracking. Suitable hydrotreating catalysts generally com- 
prise a metal hydrogenation component, suitably Group IVB or VIII metal, for example cobalt-molybdenum, nickel- 
molybdenum, on a porous support, for example silica-alumina or alumina. The hydrotreating catalysts suitably contains 
no zeolite material or a very low content of less than 1 wt%. Examples of suitable hydrotreating catalysts are the 
commercial ICR 106, ICR 120 of Chevron Research and Technology Co.; 244, 411, DN-120, DN-180, DN-190 and 
DN-200 of Criterion Catalyst Co.; TK-555 and TK-565 of Haldor Topsoe A/S; HC-k, HC-P, HC-R and HC-T of UOP; 
KF-742, KF-752, KF-846, KF-848 STARS and KF-849 of AKZO Nobel/Nippon Ketjen; and HR-438/448 of Procatalyse 
SA. 

[0016] The hydrocracking step is preferably a catalyst comprising an acidic large pore size zeolite within a porous 
support material with an added metal hydrogenation/dehydrogenation function. The metal having the hydrogenation/ 
dehydrogenation function is preferably a Group Vlll/Group VIB metal combination, for example nickel-molybdenum 
and nickel-tungsten. The support is preferably a porous support, for example silica-alumina and alumina. It has been 
found that a minimum amount of zeolite is advantageously present in the catalyst in order to obtain a high yield of 
medium machine oil fraction in the hydrowax when performing the hydrocracker at the preferred conversion levels as 
explained above. Preferably more than 1 wt% of zeolite is present in the catalyst. Examples of suitable zeolites are 
zeolite X, Y, ZSM-3, ZSM-18, ZSM-20 and zeolite beta of which zeolite Y is most preferred. Examples of suitable 
hydrocracking catalysts are the commercial ICR 220 and ICR 142 of Chevron Research and Technology Co; Z-763, 
Z-863, Z-753, Z-703, Z-803, Z-733, Z-723, Z-673, Z-603 and Z-623 of Zeolist International; TK-931 of HaldorTopsoe 
A/S; DHC-32, DHC-41 , HC-24, HC-26, HC-34 and HC-43 of UOP; KC2600/1 , KC2602, KC261 0, KC2702 and KC271 0 
of AKZO Nobel/Nippon Ketjen; and HYC 642 and HYC 652 of Procatalyse SA. 

[0017] The feed to the preliminary hydrotreater can be for example a vacuum gas oil, light cycle oil obtained in a 
fluid catalytic cracking process or a deasphalted oil or mixtures of such feeds. In order to be able to prepare the desired 
quantity of medium machine oil grade a relatively heavy feed to the hydrocracking step is desired. Preferably a feed 
is used wherein more than 10 wt%, preferably more than 20 wt% and most preferably more than 30 wt% of the com- 
pounds present in said feed boil above 470 °C. Suitably less than 60 wt% of the compounds present in the feed boil 
above 470 °C. 

[0018] The effluent of the hydrocracker is separated into one or more of the above referred to fuels fractions and a 
hydrowax containing residue. The hydrowax containing residue, wherein the hydrowax boils predominately above 370 
°C, is used as feed of the vacuum distillation of step (d). With boiling predominately above 370 °C is especially meant 
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that more than 95 wt% boils above 370 "C. The cut point between hydrowax and fuels fraction is not critical for the 
base oil preparation, because any lower boiling compounds present in the hydrowax containing residue will be removed 
from the base oil fractions in the vacuum distillation step (d). 

[0019] The vacuum distillation step (d) can be operated as any conventional vacuum distillation which is suited to 
separate a hydrocarbon feed boiling mainly above 350 °C under atmospheric conditions into different fractions. Typical 
pressures in the bottom of the vacuum distillation are between 80 and 1 1 0 mmHg. The cutting temperatures to obtain 
the different fractions will depend on the mode of distillation and the viscosity specification of the desired fractions for 
that distillation mode. By measuring the viscosity's of the obtained fractions and preferably also the Noack volatility for 
the spindle oil fraction one skilled in the art can easily determine the optimal vacuum distillation conditions. The rest 
fractions obtained in the vacuum distillation can optionally be recycled to the hydrocracker. Preferably this rest fraction 
is blended into the feed of a fluid catalytic cracker or steam cracker. 

[0020] The catalytic dewaxing step and the hydrofinishing step and any further processing steps are preferably per- 
formed in a so-called blocked out operation, wherein, in a preferably continuous process, one base oil grade is prepared 
at a time. In this manner use can be made of the same apparatuses for the different base oils grades. In such a blocked 
out process the fractions obtained in the vacuum distillation are stored in for example storage tanks before being 
sequentially further processed in steps (a) - (c). 

[0021] The catalytic dewaxing step can be performed by any process wherein in the presence of a catalyst and 
hydrogen the pour point of the base oil fraction is reduced. Suitably the pour point is reduced by at least 10 °C and 
more suitably by at least 20 °C. Suitable dewaxing catalysts are heterogeneous catalysts comprising a molecular sieve 
and optionally in combination with a metal having a hydrogenation function, such as the Group VIII metals. Molecular 
sieves, and more suitably intermediate pore size zeolites, have shown a good catalytic ability to reduce the pour point 
of a base oil fraction under catalytic dewaxing conditions. Preferably the intermediate pore size zeolites have a pore 
diameter of between 0.35 and 0.8 nm. Suitable intermediate pore size zeolites are ZSM-5, ZSM-12, ZSM-22, ZSM- 
23, SSZ-32, ZSM-35 and ZSM-48. Another preferred group of molecular sieves are the silica-aluminaphosphate (SA- 
PO) materials of which SAPO-1 1 is most preferred as for example described in US-A-485931 1 . ZSM-5 may optionally 
be used in its HZSM-5 form in the absence of any Group VIII metal. The other molecular sieves are preferably used 
in combination with an added Group VIII metal. Suitable Group VIII metals are nickel, cobalt, platinum and palladium 
Examples of possible combinations are Ni/ZSM-5, Pt/ZSM-23, Pd/ZSM-23, Pt/ZSM-48 and Pt/SAPO-11 . Further details 
and examples of suitable molecular sieves and dewaxing conditions are for example described in WO-A-9718278 
US-A-5053373, US-A-5252527 and US-A-4574043. " ~ ' ' 

[0022] The dewaxing catalyst suitably also comprises a binder. The binder can be a synthetic or naturally occurring 
(inorganic) substance, for example clay, silica and/or metal oxides. Natural occurring clays are for example of the 
montmorillonite and kaolin families. The binder is preferably a porous binder material, for example a refractory oxide 
of which examplesare: alumina, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania 
as well as ternary compositions for example silica-alumina-thoria, silica-alumina-zirconia, silica-alumina-magnesia and 
silica-magnesia-zirconia. More preferably a low acidity refractory oxide binder material which is essentially free of 
alumina is used. Examples of these binder materials are as silica, zirconia, titanium dioxide, germanium dioxide, boria 
and mixtures of two or more of these of which examples are listed above. The most preferred binder is silica. 
[0023] A preferred class of dewaxing catalysts comprise intermediate zeolite crystallites as described above and a 
low acidity refractory oxide binder material which is essentially free of alumina as described above, wherein the surface 
of the aluminosilicate zeolite crystallites has been modified by subjecting the aluminosilicate zeolite crystallites to a 
surface dealumination treatment. A preferred dealumination treatment is by contacting an extrudate of the binder and 
the zeolite with an aqueous solution of a fluorosilicate salt as described in for example US-A-5157191 . Examples of 
suitable dewaxing catalysts as described above a silica bound and dealuminated Pt/ZSM-5 and silica bound and dea- 
luminated Pt/ZSM-23, silica bound and dealuminated Pt/ZSM-12 and silica bound and dealuminated Pt/ZSM-22 as 
for example described in WO-A-20002951 1 and EP-B-8321 71 . 

[0024] Catalytic dewaxing conditions are known in the art and typically involve operating temperatures in the range 
of from 200 to 500 »C, suitably from 250 to 400 »C, hydrogen pressures in the range of from 10 to 200 bar, weight 
hourly space velocities (WHSV) in the range of from 0.1 to 1 0 kg of oil per litre of catalyst per hour (kg/l/hr), suitably 
from 0.2 to 5 kg/l/hr, more suitably from 0.5 to 3 kg/l/hr and hydrogen to oil ratios in the range of from 100 to 2,000 
litres of hydrogen per litre of oil. If the dewaxing step and the hydrofinishing step are performed in cascade the pressure 
level in both steps in suitably of the same order. Because higher pressures are preferred in the hydrofinishing step in 
order to obtain a base oil having the desired properties the dewaxing step is suitably also performed at these higher 
pressures, even though a more selective dewaxing could have been achieved at lower pressures. If no hydrofinishing 
step is required, as has been found to be the case when preparing the spindle oil base oil grade, a lower catalytic 
dewaxing pressure can be advantageously be applied. Suitable pressures are from 15 to 100 bar and more suitably 
from 15 to 65 bar. 

[0025] The hydrofinishing step is to improve the quality of the dewaxed fraction. In this step lube range olefins are 
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saturated, heteroatoms and colour bodies are removed and if the pressure is high enough residual aromatics are 
saturated. Preferably the conditions are so chosen to obtain a base oil grade comprising more than 95 wt% saturates 
and more preferably such that a base oil is obtained comprising more than 98 wt% saturates. The hydrofinishing step 
is suitably carried out in cascade with the dewaxing step. 

5 [0026] The hydrofinishing step is suitable carried out at a temperature between 230 and 380 °C, a total pressure of 
between 10 to 250 bar and preferably above 100 bar and more preferably between 120 and 250 bar. The WHSV 
(Weight hourly space velocity) ranges from 0.3 to 2 kg of oil per litre of catalyst per hour (kg/l.h). 
[0027] The hydrofinishing or hydrogenation catalyst is suitably a supported catalyst comprising a dispersed Group 
VIII metal. Possible Group VIII metals are cobalt, nickel, palladium and platinum. Cobalt and nickel containing catalysts 

10 may also comprise a Group VIB metal, suitably molybdenum and tungsten. 

[0028] Suitable carrier or support materials are low acidity amorphous refractory oxides. Examples of suitable amor- 
phous refractory oxides include Inorganic oxides, such as alumina, silica, titania, zirconia, bona, silica-alumina, fluorided 
alumina, fluorided silica-alumina and mixtures of two or more of these. 

[0029] Suitable hydrogenation catalysts include those catalysts comprising as one or more of nickel (Ni) and cobalt 
15 (Co) in an amount of from 1 to 25 percent by weight (wt%), preferably 2 to 15 wt%, calculated as element relative to 
total weight of catalyst and as the Group VIB metal component one or more of in an amount of from 5 to 30 wt%, 
preferably 1 0 to 25 wt%, calculated as element relative to total weight of catalyst. Examples of suitable nickel-molyb- 
denum containing catalyst are KF-847 and KF-8010 (AKZO Nobel) M-8-24 and M-8-25 (BASF), and C-424, DN-190, 
HDS-3 and HDS-4 (Criterion). Examples of suitable nickel-tungsten containing catalysts are NI-4342 and NI-4352 
20 (Engelhard), C-454 (Criterion). Examples of suitable cobalt-molybdenum containing catalysts are KF-330 (AKZO-No- 
bel), HDS-22 (Criterion) and HPC-601 (Engelhard). 

[0030] For hydrocracked feeds containing low amount of sulphur, as in the present invention, preferably platinum 
containing and more preferably platinum and palladium containing catalysts are used. The total amount of these noble 
Group VIII metal component(s) present on the catalyst is suitably from 0.1 to 10 wt%, preferably 0.2 to 5 wt%, which 

25 weight percentage indicates the amount of metal (calculated as element) relative to total weight of catalyst. 

[0031] Preferred supports for these palladium and/or platinum containing catalysts are amorphous silica-alumina, 
whereby more preferably the silica-alumina comprises from 2 to 75 wt% of alumina. Examples of suitable silica-alumina 
carriers are disclosed in WO-A-941 0263. A preferred catalyst comprises an alloy of palladium and platinum preferably 
supported on an amorphous silica-alumina carrier of which the commercially available catalyst C-624 of Criterion Cat- 

30 alyst Company (Houston, TX) is an example. 

[0032] After the topping step an optional further step is performed to improve the base oil stability by contacting the 
effluent of the hydrofinishing step with active carbon as for example described in EP-A-712922. 
[0033] After the hydrofinishing step a low boiling fraction is preferably removed by means of distillation in order to 
obtain a product having the desired volatility properties. 

35 [0034] The machine oil grade prepared by the process of the invention has a kinematic viscosity at 1 00 °C of between 
11 and 12.5cSt, a viscosity index of between 95 and 120, a sulphur content of below 100 ppmw and a saturates content 
of above 98 wt% obtainable by a process as described above. This base oil grade can be used in a lubricant composition 
comprising also one or more additives. The lubricant composition is suitably used as a 20W50 automotive lubricant or 
as a ISO 100 industrial formulation, for example as a hydraulic or turbine oil. 

40 [0035] The process is illustrated in Figure 1 . Figure 1 shows that a hydrocarbon mixture (1) is fed to a preliminary 
hydrotreater (2). The effluent (3) of hydrotreater (2) is fed to a hydrocracker step (4). The hydrotreater (2) and hydro- 
cracker (4) may be combined in one vessel in a so-called stacked bed. The effluent or hydrocrackate (5) of the hydro- 
cracker (4) is separated in distillation step (6) in one or more fuels fractions (7) and a bottoms or hydrowax fraction (8). 
The hydrowax (8) is further separated in vacuum distillation unit (9) into a heavy gas oil fraction (10), a vacuum gas 

45 oil fraction (11) and, as illustrated for distillation mode (d1), a spindle oil fraction (12), a medium machine oil fraction 
(14) and a first rest fraction (13) boiling between said spindle oil and medium machine oil fraction. The vacuum gas oil 
fraction can optionally also be further processed to a light grade base oil by performing steps (a)-(c) of the process 
according to the present invention. In a blocked out mode the spindle oil fraction (12) (not shown) and the medium 
machine oil fraction (14) (as shown) are further processed, from storage tanks (12') and (14'), in catalytic dewaxing 

50 unit (15) yielding a dewaxed fraction (16), which fraction (16) is further processed in hydrofinishing unit (17). From the 
mixture (18) obtained in hydrofinishing unit (17) a low boiling fraction (20) is removed in distillation unit (19) thereby 
yielding the desired base oil grade (21 ). The total fuels make of this process comprises mixtures (7), (1 0), (1 1 ) and (20). 
[0036] Figure 2 shows distillation mode (d2). In this mode the hydrowax (8) is further separated in vacuum distillation 
unit (9) into a heavy gas oil fraction (10), a vacuum gas oil fraction (11), a spindle oil fraction (12), a light machine oil 

55 fraction (22) and a second rest fraction (23) boiling above the light machine oil fraction. In a blocked out mode the 
spindle oil fraction (12) (not shown) and the light machine oil fraction (22) (as shown) are further processed, from 
storage tanks (12') and (22') to the respective base oil grade. All other references have the meaning as in Figure 1 . 
[0037] The invention will be illustrated by the following non-limiting examples. Examples 1-2 represent calculated 
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results, wherein use has been made of hydrocracker models, plant data and experimental results. It is believed that 
these result give a good representation of how the process according to the invention will perform in reality. 

Example 1 using a single mode vacuum distillation 

[0038] To a distillation column a hydrowax containing residue is fed at a rate of 4883 ton feed per day (t/d). The feed 
has the properties as listed in Table 1 . 



Table 1 



Feed 




boiling point at vol 5% (°C) 


287 


vK at 100 °C (cSt) 


3.95 


wax content (wt%) 


18.2 


sulphur (ppm) 


24 


nitrogen (ppm 


<1 



[0039] The feed is separated in a vacuum distillation into 1042 t/d heavy gas oil, 1285 t/d vacuum gas oil, 591 t/d of 
a rest fraction boiling between the spindle oil fraction and the vacuum gas oil, 291 t/d of light machine oil, 664 t/d of 
medium machine oil and 300 t/d of a residue fraction. The spindle oil, light machine oil and medium machine oil fractions 
were subsequently further processes by means of catalytic dewaxing and hydrofinishing in a blocked out mode. From 
the product ex hydrofinishing the lower boiling fraction is removed which totals on average for all base oil grades to 
422 t/d. The process yields (on an average 350 day runtime basis) 557 t/d spindle oil grade, 214 t/d light machine oil 
and 471 t/d medium machine oil grade. The yield of base oils (Spindle oil, light machine oil and medium machine oil) 
on hydrowax containing residue is about 25 wt%. 
[0040] The quality of the base oil grades is as listed in Table 2. 



Table 2 





Spindle oil grade 


light machine oil grade 


medium machine oil grade 


Viscosity at 100 °C (cSt)(1) 


4.65 


8.65 


12.0 


Viscosity Index (2) 


106 


103 


100 


Noack volatility (%) (3) 


16.5 






Pour Point (°C) (4) 


-15 


-12 


-12 


saturates (wt%) (5) 


99.2 


98.4 


98.1 



(1) according to ASTM D445; 

(2) according to ASTM D2270; 



(3) according to CEC L-40-T-87; 

(4) accordingtoASTMD97; 

(5) according to ASTM D207 

Example 2 using two modes of distillation according the present invention 

[0041] Example 1 is repeated with the same feed except that during 245 days of the total of 350 days on stream a 
hydrowax feed of 4109 t/d is separated in the vacuum distillation into 866 t/d heavy gas oil, 1153 t/d vacuum gas oil, 
723 t/d of spindle oil, 41 6 t/d of a first rest fraction boiling between the spindle oil fraction and the medium machine oil 
fraction and 951 t/d of medium machine oil. The thus obtained spindle oil and medium machine oil fractions were 
subsequently further processes by means of catalytic dewaxing and hydrofinishing in a blocked out mode. From the 
product ex hydrofinishing the lower boiling fraction is removed. This distillation mode yields (on an average yearly 
basis) 557 t/d spindle oil grade and 660 t/d medium machine oil grade. 

[0042] During the remaining days on stream the hydrowax is separated in the vacuum distillation into 866 t/d heavy 
gas oil, 1 153 t/d vacuum gas oil, 723 t/d of spindle oil, 1 083 t/d of light machine oil fraction and 329 t/d in a second rest 
fraction boiling above the light machine oil fraction. The thus obtained spindle oil and light machine oil fractions were 
subsequently further processes by means of catalytic dewaxing and hydrofinishing in a blocked out mode. From the 
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product ex hydrofinishing the lower boiling fraction is removed. This distillation mode yields (on an average 350 day 
runtime basis) 557 t/d spindle oil grade and 751 t/d light machine oil grade. 

[0043] Both distillation modes thus yield (on an average yearly basis) 557 t/d spindle oil grade, 214 t/d light machine 
oil and 471 t/d medium machine oil grade. The yield of base oils (Spindle oil, light machine oil and medium machine 
oil) on hydrowax containing residue is about 30 wt%. The quality of the base oil grades is as in Table 2. 

Example 3 

[0044] A hydrowax containing residue having the properties as listed in Table 1 was distilled and a light machine oil 
fraction was obtained having a kinematic viscosity at 100 °C of 7.24 cSt, an initial boiling point (5 vol% TBP) of 440 
°C and a final boiling (95 vol% TBP) point of 550 °C. This light machine oil fraction was subsequently dewaxed by 
contacting the fraction with the same dealuminated- platinum loaded- ZSM-5/silica catalyst as used in Examples 11 
and 12 of WO-A-0029511 in the presence of hydrogen at a temperature of 354 °C, an outlet pressure of 141 bar, a 
WHSV of 1 .00 kg/l.hr and a hydrogen gas rate of 640 Nl/kg feed. 

[0045] The effluent thus obtained was subsequently hydro-finished by contacting the effluent in the presence of 
freshly supplied hydrogen over a commercial PtPd on amorphous silica-alumina carrier (C-624 of Criterion Catalyst 
Company (Houston, TX). The operating conditions were a hydrogen partial pressure of 129 bar, a WHSV of 1 .0 kg/I/ 
h, a recycle gas rate of 500 Nl/kg and a temperature of 260 °C. 

[0046] Gaseous components were separated from the effluent of the hydrofinishing by vacuum flashing at a cutting 
temperature of 445 °C. A light fraction was subsequently separated by distillation after which the desired API Group 
II light machine oil grade was obtained having the properties as listed in Table 3. 



Table 3 





API Group II light machine oil 


saturates (wt%) (IP 391) 


98.6 


polars(wt%) (IP 391) 


1.4 


sulphur (mg/kg) 


18 


nitrogen (mg/kg) 


<1 


Viscosity Index 


107 


viscosity at 100 °C (cSt) 


8.513 


viscosity at 40 °C (cSt) 


62.54 


pour point (°C) 


-12 



Claims 

1. Process to prepare a spindle oil having a kinematic viscosity at 100 °C of between 3.5 and 5.5 cSt, light machine 
oil having a kinematic viscosity at 100 °C of between 6.5 and 9 cSt and a medium machine oil base oil grade 
having a kinematic viscosity at 1 00 °C of between 1 0 and 1 3 cSt by 

(a) performing a separate catalytic dewaxing on a spindle oil fraction, a light machine oil fraction and a medium 
machine oil fraction as obtained in a vacuum distillation of a bottoms fraction of a fuels hydrocracking process; 

(b) performing a separate hydrofinishing of the light and medium machine oil fractions obtained in step (a); ' 

(c) separating the low boiling compounds from the spindle oil, light machine oil and medium machine oil frac- 
tions as obtained in step (a) and (b) and obtaining the spindle oil, light machine oil and medium machine oil 
base oil grade; 

(d) wherein the vacuum distillation is performed by altematingly performing the distillation in two modes wherein 
the first mode (d1) the bottoms fraction is separated into a gas oil fraction, a spindle oil fraction, a medium 
machine oil fraction and a first rest fraction boiling between said spindle oil and medium machine oil fraction 
and in the second mode (d2) the bottoms fraction is separated into a gas oil fraction, a spindle oil fraction, a 
light machine oil fraction and a second rest fraction boiling above the light machine oil fraction. 

2. Process according to claim 1 , wherein the spindle oil grade has a kinematic viscosity at 1 00 °C of between 3.5 
and 5.5 cSt and a Noack volatility of below 20% or a flash point of above 180 °C, the light machine oil grade has 
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a kinematic viscosity at 100 °C of between 6.5 and 9 cSt and the medium machine oil grade has a kinematic 
viscosity at 1 00 °C of between 1 0 and 1 3.5 cSt. 

3. Process according to claim 2, wherein the medium machine oil grade has a kinematic viscosity at 1 00 °C of between 
5 11 and 12.5 cSt. 

4. Process according to any one of claims 1 -3, wherein the catalytic dewaxing in step (a) is performed by contacting 
the vacuum distillation fraction with hydrogen and a catalyst containing a molecular sieve such that the pour point 
is reduced by at least 10 °C. 

10 

5. Process according to claim 4, wherein the molecular sieve is ZSM-5, ZSM-12, ZSM-22, ZSM-23, SSZ-32, ZSM- 
35,ZSM-48orSAPO-11. 

6. Process according to claim 4, wherein the molecular sieve is an intermediate pore size zeolite and wherein the 
is catalyst also comprises a binder and a Group VIII metal. 

7. Process according to claim 6, wherein the binder is a low acidity refractory oxide binder material which is essentially 
free of alumina and wherein the surface of the intermediate pore size zeolite has been modified by subjecting the 
zeolite to a surface dealumination treatment. 

20 

8. Process according to any one of claims 1-7, wherein the bottoms fraction of a fuels hydrocracking process is 
obtained by operating a fuels hydrocracker which hydrocracker yields a naphtha, kerosine, gas oil and a bottoms 
fraction, wherein the bottoms fraction contains more than 15 wt% of a fraction, which has a kinematic viscosity at 
100 °C of above 9 cSt, and wherein the weight percentage is calculated on the total of compounds which boil 

25 above 370 °C in the bottoms fraction, by first (i) hydrotreating a hydrocarbon feed at a feed conversion of less than 
30 wt% and (ii) hydrocracking the product of step (i) in the presence of a hydrocracking catalyst at such a conversion 
level that the overall conversion of step (i) and (ii) is between 55 and 80 wt%. 

9. Process according to claim 8, wherein the conversion in hydrotreating step (i) is between 15 and 25 wt% 

30 

10. Process according to any one of claims 8-9, wherein the overall conversion is between 60 and 75 wt%. 

11 . Process according to any one of claims 8-1 0, wherein the catalyst used in step (ii) comprises more than 1 wt% of 
an acidic large pore size zeolite, a porous support and a Group Vlll/Group VIB metal combination 

35 

12. Process according to any one of claims 1-7, wherein a bottoms fraction is used in step (d) as obtained from the 
process according to any one of claims 8-11. 



40 Patentanspriiche 

1 . Verfahren zur Herstellung eines Spindelols mit einer kinematischen Viskositat bei 1 00 °C von 3,5 bis 5,5 cSt, von 
leichtem Maschinenol mit einer kinematischen Viskositat bei 100 °C von 6,5 bis 9 cSt und von einer mittleren 
Maschinenol-Grundolqualitat mit einer kinematischen Viskositat bei 1 00 °C von 1 0 bis 1 3 cSt durch 

45 

(a) Ausfiihren eines gesonderten katalytischen Entwachsens an einer Spindelolfraktion, einer leichten Ma- 
schinenoffraktion und an einer mittleren Maschinenolfraktion, wiesie in einer Vakuumdestillation einer Sumpf- 
fraktion aus einem Heizolhydrocrackverfahren erhalten werden; 

50 (b) Ausfuhren einer getrennten Hydrofinishing-Behandlung an den im Schritt (a) erhaltenen leichten und mitt- 

leren Maschinenolfraktionen; 

(c) Abtrennen der niedrigsiedenden Verbindungen aus den Spindelol-, leichten Maschinenol- und mittleren 
Maschinenolfraktionen, wie sie in den Schritten (a) und (b) erhalten werden, und Gewinnen der Spindelol-, 

55 leichten Maschinenol- und mittleren Maschinenol-Grundolqualitaten; 

(d) worin die Vakuumdestillation ausgefuhrt wird durch abwechselndes Vornehmen der Destination in zwei 
Moden, wobei im ersten Modus (d1) die Sumpffraktion in eine Gasolfraktion, eine Spindelolfraktion, eine mitt- 



o 
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lere Maschinenolfraktion und eine erste Restfraktion aufgetrennt wird, die zwischen der Spindelolfraktion und 
der mittleren Maschinenolfraktion siedet, und worin im zweiten Modus (d2) die Sumpffraktion in eine Gasol- 
fraktion, eine Spindelolfraktion, eineleichte Maschinenolfraktion und eine zweite Restfraktion aufgetrennt wird, 
die uber der leichten Maschinenolfraktion siedet. 

2. Verfahren nach Anspruch 1 , worin die Spindelolqualitat eine kinematische Viskositat bei 100 °C von 3,5 bis 5,5 
cSt und eine Noack-FICichtigkeit von unter 20 % Oder einen Flashpunkt von uber 180 °C aufweist, die leichte 
Maschinenolqualitat eine kinematische Viskositat bei 100 °C von 6,5 bis 9 cSt hat und die mittlere Maschinenol- 
qualitat eine kinematische Viskositat bei 100 °C von 10 bis 13,5 cSt aufweist. 

3. Verfahren nach Anspruch 2, worin die mittlere Maschinenolqualitat eine kinematische Viskositat bei 100 °C von 
11 bis 12,5 cSt aufweist. 

4. Verfahren nach einem der Anspriiche 1 bis 3, worin das katalytische Entwachsen im Schrrtt (a) durch Inkontakt- 
bringen der Vakuumdestillationsfraktion mit Wasserstoff und einem ein Molekularsieb enthaltenden Katalysator 
derart ausgefuhrt wird, dass der Pourpoint urn wenigstens 1 0 °C erniedrigt wird. 

5. Verfahren nach Anspruch 4, worin das Molekularsieb ZSM-5, ZSM-12, ZSM-22, ZSM-23, SSZ-32, ZSM-35 ZSM- 
48oderSAPO-11 ist. 

6. Verfahren nach Anspruch 4, worin das Molekularsieb ein Zeolith mit mittlerer PorengroBe ist und worin der Kata- 
lysator auch ein Bindemittel und ein Gruppe Vlll-Metall umfasst. 

7. Verfahren nach Anspruch 6, worin das Bindemittel ein hochschmelzendes Oxid-Bindemittelmaterial mit niedriger 
Aciditat ist, das im Wesentlichen frei von Aluminiumoxid ist und worin die Oberflache des Zeoliths mit mittlerer 
PorengroBe modifiziert worden ist, indem der Zeolith einer Oberflachendealuminierungsbehandlung unterworfen 
worden ist. 

8. Verfahren nach einem der Anspruche 1-7, worin die Sumpffraktion eines Heizolhydrocrackverfahrens durch Be- 
treiben eines Heizolhydrocrackers erhalten wird, welcher Hydrocracker eine Naphtha-, Kerosin-, Gasoi- und eine 
Sumpffraktion ergibt, worin die Sumpffraktion nichtmehr als 15Gew.% einer Fraktion enthalt, die eine kinematische 
Viskositat bei 100 °C von uber 9 cSt aufweist, und worin der Gewichtsprozentsatz auf die Gesamtmenge von 
Verbindungen berechnet ist, die in der Sumpffraktion uber 370 °C sieden, indem zunachst (i) ein Kohlenwasser- 
stoffeinsatzmaterial bei einer Einsatzmaterialumwandlung von unter 30 Gew.% einer Hydrotreating-Behandlung 
unterworfen wird und (ii) das Produkt aus dem Schritt (i) in Gegenwart eines Hydrocrackkatalysators bei einem 
solchen Umwandlungsgrad einem Hydrocracken unterzogen wird, dass die Gesamtumwandlung von Schritt (i) 
und (ii) von 55 bis 80 Gew.% betragt. 

9. Verfahren nach Anspruch 8, worin die Umwandlung im Hydrotreating-Schritt (i) von 15 bis 25 Gew.% betragt. 

10. Verfahren nach einem der Anspruche 8-9, worin die Gesamtumwandlung von 60 bis 75 Gew.% betragt. 

11. Verfahren nach einem der Anspruche 8-10, worin der im Schritt (ii) verwendete Katalysator mehr als 1 Gew.% 
eines sauren Zeoliths mit groBer PorengroBe, einen porosen Trager und eine Gruppe Vlll/Gruppe VIB-Metallkom- 
bination umfasst. 

1 2. Verfahren nach einem der Anspruche 1 -7, worin im Schritt (d) eine Sumpffraktion verwendet wird, wie sie aus dem 
Verfahren nach einem der Anspruche 8-11 erhalten wird. 



Revendications 

1 . Precede de preparation d'une qualite d'huile de base du type huile k broches ayant une viscosite cin<§matique k 
100°C entre 3,5 et 5,5 cSt, huile pour machines tegfcre ayant une viscosite cinSmatique k 100°C entre 6,5 et 9 
cSt et huile pour machines moyenne ayant une viscosit6 cinSmatique k 100°C entre 10 et 13 cSt par : 

(a) la realisation d'un d^paraffinage catalytique s6par6 sur une fraction d'huile k broches, une fraction d'huile 
pour machines tegfere et une fraction d'huile pour machines moyenne telles qu'obtenues dans une distillation 
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sous vide d'une fraction de queues d'un proc6de d'hydrocraquage de combustibles; 

(b) la realisation d'un hydrof inissage s6par6 des fractions d'huiles pour machines legfcre et moyenne obtenues 
dans I'etape (a); 

(c) la separation des composes de bas point d'6bul!ition des fractions d'huile k broches, d'huile pour machines 
legfcre et d'huile pour machines moyenne telles qu'obtenues dans les Stapes (a) et (b) et I'obtention de la 
qualite d'huile de base huile k broches, huile pour machines legfcre et huile pour machines moyenne; 

(d) dans lequel la distillation sous vide est r§alis§e en tealisant alternativement la distillation en deux modes 
dans lesquels dans le premier mode (d1 ) la fraction de queues est s6par6e en une ou plusieurs fractions de 
gasoil, une fraction d'huile k broches, une fraction d'huile pour machines moyenne et une premiere fraction 
restante bouillant entre lesdites fractions d'huile k broches et d'huile pour machines moyenne et dans le second 
mode (d2) la fraction de queues est sepatee en une fraction de gasoil, une fraction d'huile k broches, une 
fraction d'huile pour machines legfcre et une seconde fraction restante bouillant au-dessus de la fraction d'huile 
pour machines tegfcre. 

2. Procede suivant la revendication 1 , dans lequel la qualite d'huile k broches a une viscosity cinematique k 1 00°C 
entre 3,5 et 5,5 cSt et une volatility de Noack en dessous de 20 % ou un point d'eclair au-dessus de 180°C, la 
qualite d'huile pour machines tegfcre a une viscosite cinematique k 100°C entre 6,5 et 9 cSt et la qualite d'huile 
pour machines moyenne a une viscosite cinematique k 100°C entre 10 et 13,5 cSt. 

3. Procede suivant la revendication 2, dans lequel la qualite d'huile pour machines moyenne a une viscosite cine- 
matique k 1 00°C entre 1 1 et 1 2,5 cSt. 

4. Proc6d6 suivant Tune quelconque des revendications 1 k 3, dans lequel le dSparaffinage catalytique dans I'etape 
(a) est realise en mettant en contact la fraction de distillation sous vide avec de I'hydrogene et un catalyseur 
contenant un tamis moieculaire de telle sorte que le point d'ecoulement soit abaisse d'au moins 1 0°C. 

5. Procede suivant la revendication 4, dans lequel le tamis moieculaire est du ZSM-5, ZSM-12 ZSM-22 ZSM-23 
SSZ-32,ZSM-35,ZSM-48ouSAPO-11. ' 

6. Procede suivant la revendication 4, dans lequel le tamis moieculaire est une zeolite de taille de pores intermediaire 
et dans lequel le catalyseur comprend egalement un liant et un metal du Groupe VIII. 

7. Procede suivant la revendication 6, dans lequel le liant est une mature formant liant d'oxyde refractaire de faible 
acidite qui est essentiellement exempte d'alumine et dans lequel la surface de la zeolite de taille de pores inter- 
mediaire a ete modifiee en soumettant la zeolite k un traitement de desalumination en surface. 

8. Procede suivant Tune quelconque des revendications 1 k 7, dans lequel la fraction de queues d'un precede d'hy- 
drocraquage de combustibles est obtenue en utilisant un hydrocraqueur de combustibles, lequel hydrocraqueur 
donne un naphta, kerosene, gasoil et une fraction de queues, dans lequel la fraction de queues contient plus de 
15 % en poids d'une fraction, qui a une viscosite cinematique a 100°C au-dessus de 9 cSt, et dans lequel le 
pourcentage en poids est calcuie sur le total des composes qui bouillent au-dessus de 370°C dans la fraction de 
queues, en d'abord (i) hydrotraitant une alimentation hydrocarbonee k une conversion d'alimentation de moins de 
30 % en poids et (ii) hydrocraquant le produit de I'etape (i) en presence d'un catalyseur d'hydrocraquage k un 
niveau de conversion tel que la conversion globale des etapes (i) et (ii) se situe entre 55 et 80 % en poids. 

9. Procede suivant la revendication 8, dans lequel la conversion dans I'etape d'hydrotraitement (i) se situe entre 1 5 
et 25 % en poids. 



10. Procede suivant I'une ou I'autre des revendications 8 et 9, dans lequel la conversion globale se situe entre 60 et 
75 % en poids. 

11. Precede suivant I'une quelconque des revendications 8 6 10, dans lequel le catalyseur utilise dans I'etape (ii) 
comprend plus de 1 % en poids d'une zeolite de grande taille de pore acide, un support poreux et une combinaison 
de metaux du Groupe Vlll/Groupe VIB. 

12. Procede suivant I'une quelconque des revendications 1 k 7, dans lequel on utilise dans I'etape (d) une fraction de 
queues telle qu'obtenue du procede suivant I'une quelconque des revendications 8 611. 
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